INTRODUCTION
Santiago Ramón y Cajal is considered the father of modern neuroscience (DeFelipe, 2002a) for his outstanding studies of the microanatomy his observations regarding degeneration and regeneration, and his theories about the function, development and plasticity of virtually the whole central nervous system (CNS). Some of his original possessions are housed at the Cajal Museum (Cajal Institute, CSIC, Madrid, Spain) . The Museum preserves the items that Cajal bequeathed to the Institute in 1931:
"… my collection of microscopic slides, cupboards to keep them in and some scientifi c devices of my property, such as the microtome and two microscopes, a Zeiss model and another Leitz model, and fi nally, a Zeiss microphotographic device"
1 .
The Museum also holds other items that Cajal's family has entrusted to it having been established in homage to his memory. Although a detailed inventory of the Museum's contents is not yet available, we estimate that it houses a total of 30,218 items of a widely varied nature. These items have been divided into 26 groups for cataloguing and to facilitate their study: 1. Photographic archive (2,384); 2. Precision balances (2); 3. Photographic cameras (5); 4. Correspondence (2,584); 5. Ceramics (2); 6. Colorants, Reagents
The majority of the 4,529 histological preparations were made personally by Cajal. Seventy two preparations housed in the Cajal collection belonged to other scientists, who exchanged preparations with Cajal or who sent him preparations to study. Among these, there are preparations from Cajal's disciples [Claudio Sala (9) , Lorente de No (3), Francisco Tello (3), Durán Ventosa (2)] or from other scientists, such as Dr. Sigmund (30), M. Heidenhain (7), Luis Simarro (7) or López García (2).
Regarding the dating, it was very rare to fi nd histological preparations with the exact date they were made, although there were some examples where the date was clearly written by Cajal on the slide ( Figure 2M ). Different options have been taken into account in order to date the preparations, such as: the handwritten or typewritten labels stuck on the preparations (Figure 2) , the type of labels, the publication of articles related to the preparation, the method employed in each slide, and even Cajal's biography.
There is wide variability in the labels attached to Cajal's slides. In some cases, the name of a city is recorded (Zaragoza, Valencia, Barcelona and Madrid) according to where Cajal lived at the time. For this reason, we can approximate the date of the histological preparations to these periods. Thus, when Zaragoza is written on a histological slide, it could date from 1877 to 1884 (Figure 2A) , whereas Valencia could indicate that the slide was made between 1884 and 1897 ( Figure 2B ). Likewise, histological slides labeled Barcelona could have been made from 1887 to 1892 ( Figure 2C ).
Thereafter, Cajal moved to Madrid to work in the San Carlos
Hospital and the Laboratory of Biological Research until 1920 ( Figures 2D-H) . In 1920, the Cajal Institute was created by royal decree by King Alfonso XIII. Although the Cajal Institute was not built until 1932, its name was in use from 1920.
In addition, we also have considered the publication date of Cajal's articles in which particular histological preparations appear. For example, a preparation specifi c to a study of the growth cone ( Figures 3A,B) must date from at least 1890, or if the histological sections show neurofi brils it will be from no before than 1903 (Figure 4) . Finally, the staining/impregnation method used in the preparations was also taken into account. Thus, tissue prepared with the reduced silver nitrate method (Figure 4) could have been made in or after 1903, the year when he developed that method. In this way, the most accurate dating of the histological preparations was achieved.
CLASSIFICATION OF THE HISTOLOGICAL PREPARATIONS ACCORDING TO THE BIOLOGICAL DISCIPLINE
Some 3,003 histological preparations 5 have been classifi ed into three groups according to the biological discipline:
1. Histology (2,254 slides, approximately 75%); 2. Pathological anatomy (728, approx. 24%); and 3. Microbiology (21, approx. 1%: Table 1 ).
In the Histology group, most slides corresponded to those used to study the Nervous System (1,952, 65%), (Figures 3, 4 , 6B-H, 7 and 8), whereas the rest (302, 10%) are related to other histological fi elds such as the structure of the muscle fi bers ( Figure 9A ). Pathological anatomy includes preparations used to describe the diseases related to the nervous system (Figure 5 ), such as rabies, "general paralysis of the insane" 6 , dementia praecox 7 or Alzheimer's disease, as well as the studies on degeneration and regeneration in the nervous system. We have also included in this group his studies of neoplasias (Figure 10 ) and other diseases not directly related to the nervous system, such as Leprosy ( Figure 10A) . Finally, Microbiology is a very small group in which the different microbes studied by Cajal are included ( Figure 11A) .
The proportion of the slides in each group show the tendencies in Cajal's research. The largest number of slides are devoted to the nervous system about which Cajal wrote his main contributions. There are also a signifi cant number of preparations dealing with Pathological Anatomy, because Cajal was the Chair of the Department of Pathology at the Universities of Barcelona and Madrid. Although The work of Cajal as a microbiologist is less well known, although during his period in Zaragoza and Valencia (1877-1887) he carried out some microbiological studies, providing experimental proof for chemical vaccination (Cajal, 1885) . From all this information, we can conclude that Cajal not only focused on the Nervous System, but that he had a rich background in other areas of the biological sciences, permitting him to extrapolate knowledge from different disciplines. For instance, the chemotactic movement of leucocytes helped him to propose his neurotropic theory in the Nervous System (Cajal, 1893) .
CLASSIFICATION OF THE HISTOLOGICAL PREPARATIONS ACCORDING TO THE STAINING METHODS
The staining method has been determined in 4,009 of 4,529 histological preparations (88% of the total: Table 2), a further analysis is needed to complete the classifi cation. The majority of these histological preparations were made using the reduced silver nitrate (2,054: Figure 4) or the Golgi methods (809: Figure 3) . Regarding their specifi city to this aspect of Cajal's work is less well known, he did make important contributions to research on neoplasias ( Figures 9B and 10: see Martínez et al., 2005) . For instance, he proposed his "general doctrine of tissue composition" in which it is possible to recognize the current concept of tumor stem cells. He also studied the importance of the stroma and angiogenesis for the establishment of tumors, and he discovered the existence of plasma cells in the tumor stroma. His contributions to the comprehension of pathologies of the nervous system are especially interesting. Cajal's histological slides of Alzheimer's disease (37 slides: Figure 5C ) led him to make important proposals about the pathological lesions in this disease (see Garcia-Marin et al., 2007b) . Furthermore, other diseases such as dementia praecox (3 slides: Figures 5D and 12B) , Neurosyphilis (130 slides: Figures 5F,G), and rabies (30 slides: Figure 5E ) were also studied by Cajal and he defi ned some of the pathological lesions in these diseases. For example, the gliosis (astrogliosis and microgliosis) in neurosyphilis (Cajal, 1925) or the hypertrophy of neurofi brils in rabies (Cajal and Garcia, 1904) . 2007a). Cajal also introduced new variants to preexisting staining methods, such as his fast variant of the Golgi method (Cajal, 1889a) that produces excellent results in embryonic tissue ( Figures 3A,B) , the double impregnation variant of the Golgi method for those fi bers or cells that were very diffi cult to stain (Cajal, 1889b) , or his propagation variant of Methylene blue staining (Cajal, 1896b) . In addition, Cajal always tried to correlate different staining methods to be sure of the morphological characteristics of certain structures. For example, he also used correlative staining for the Golgi method such as the Weigert and Nissl stainings. Furthermore, he studied the dendritic spines with the Golgi method (Cajal, 1888) (Figure 3H ) and Methylene Blue staining (Cajal, 1896b; see Garcia-Lopez et al., 2007) , while he used the Golgi method and reduced silver nitrate staining to correlate the morphological changes of the dendritic arbor during development with the changes in the neurofi brillar scaffold (Cajal, 1903b) .
CLASSIFICATION OF THE HISTOLOGICAL SLIDES ACCORDING TO SPECIES
Regarding the species studied by Cajal, a wide variety of invertebrates and vertebrates were included for study (Table 3) 9 . We have tabulated these according to their common or scientifi c name and 9 We have only classifi ed those preparations in which the label indicates the animal from which the tissue was obtained. There are other histological slides that do not have any animal's name on their labels and that have not yet been classifi ed. (63) Hair (21) Nails (1) Skin (41) -Endocrine glands: (6) Pineal: (3) Mammary glands: (3) Cartilaginous and bony tissue: (6) Blood: (6) Muscle tissue: (59) Nervous tissue: (315) -Neurons: (165) Nucleus (28) Neurofi brils (33) Golgi apparatus (29) Nissl granules (30) Growth cones (29) Dendritic spines (16) -Glia: (150)
Organs and systems: 1626
Respiratory system: (20) Nose (5) Larynx (4) Trachea (4) Lung (7) Digestive system: (95) Tongue (28) Salivary gland (13) Esophagus (3) Stomach (7) Intestine (17) Pancreas (17) Liver (10) Reproductor system: (14) Testicle (6) Uterus (1) Ovary (7) Urinary system: (4) Kidney (4) Endocrine system: (14) Pancreas (14) Circulatory and lymphoid syst: (15) Heart (3) Artery (6) Spleen (3) Thymus (3) Nervous system: (1464) -Central nervous syst: (1182) Cerebral cortex (367) Basal ganglia (1) Hippocampus (46) Olfactory bulb (51) Thalamus, hypothalamus (29) Mesencephalon (17) Pons (34) Medulla (132) Cerebellum (294) Spinal cord (211) Retina (173) -Peripheral nervous system (nerve endings and sensory organ): (203) Ganglia (114) Nerves (78) Olfactive mucosa ( stain the nervous system, we could classify the staining methods into two groups: (i) methods generally used to stain different components of the nervous system (90%), such as the Golgi (Figure 3) , Bielschowsky, Ehrlich (Figures 8A,B Throughout his career, Cajal introduced new staining methods that enabled him to observe different details in the organization of the nervous tissue. The methods invented by Cajal include: the trichromic method (Cajal, 1896a) for the staining of neoplasias; the reduced silver nitrate method (Cajal, 1903a) to stain neurofi brils; the formalin-uranium nitrate method (Cajal, 1912) to stain the Golgi apparatus; and gold-sublimated staining (Cajal, 1913 (Cajal, , 1920 ) that specifi cally stains astrocytes in the white matter, as well as those in the gray matter that were very diffi cult to observe (see Garcia-Marin et al., their corresponding phyla. In this table, it is evident that by studying many different species, Cajal made important contributions to the fi eld of comparative anatomy, as well as to understanding of the general organization of the nervous system. One of the reasons that Cajal studied such a variety of different animals was that he used the ontogenic method. Instead of studying the nervous system in complex adult animals, he studied it in simpler, younger animals, which meant that the tracking of a fi ber from its origin to its target was shorter. In addition, as myelinization is absent or less dense in young animals and some invertebrates, their fi bers could be more readily impregnated. Among the animals used by Cajal, the typical laboratory animals are the most common, such as rabbits, cats, mice or rats. While Cajal studied the nervous system in a variety of different mammalian species, he appeared to prefer to study particular systems in specifi c species. For example, oxen, horses and cows were especially appreciated by Cajal for their retinas (Cajal and De Castro, 1933) .
Cajal also carried out important studies of comparative histology in the cerebellar cortex, optic lobe, retina, optic chiasm, olfactory bulb, cerebral cortex, sympathetic ganglia, spinal cord among different vertebrate species. For example, one of his most outstanding contributions may be his studies of the specialization of the dendritic tree of pyramidal cells across the phylogenetic scale, with which he reached conclusions about the complexity of the psychic cell during evolution, the plasticity of neurons, the importance of nervous activity for the development of the dendritic trees and his cerebral gymnastics theory (Cajal, 1892 (Cajal, , 1894 (Cajal, , 1899 (Cajal, -1904 reviewed in DeFelipe, 2006; Elston, 2007) . In addition, Cajal also studied a number of nervous systems in different invertebrate species. For example, he studies neurofibrils in annelids (Cajal, 1904;  Figure 12C ), the retina and optic nerve of cephalopods (Cajal, 1917) , the retina, optic centers, compound eyes and ocelli ( Figure 11B) (Cajal, 1910; Cajal and Sánchez, 1915) of arthropods, and muscle fibers in the grasshopper and cricket (Cajal, 1887) .
Although Cajal studied the general structure of the nervous centers in many vertebrates (Cajal, 1899 (Cajal, -1904 , he particularly focused his study of the retina and the plexus of Auerbach in amphibians (see Garcia-Lopez et al., 2009) . He also studied the organization of the retina, optic nerve, optic lobe and cerebellum in different lizards and birds. Chicken and ducks were utilized in many of his studies of the spinal cord (Figures 3A and 4A ) and growth cones (Cajal, 1890) (Figure 3B ) (see Garcia-Marin et al., 2009 ).
There are also 154 histological slides made from human tissue in the Museum, which were especially important to study the organization of the cerebral cortex. In these studies, Cajal discovered the terminal baskets of the basket cells (Cajal, 1899a ; Figure 3I ) or the bitufted cells (double bouquet: Cajal, 1899b), which were especially abundant in humans and less so or absent in other animals (double bouquet cells have never been described in the cerebral cortex of rats or mice; see DeFelipe, 2002b) . He also studied the development of the nervous system in histological slides of children and foetuses, and he studied the brain of specifi c pathologies such as Alzheimer's disease and neurosyphilis.
For Cajal, the use of the adequate animal for a specifi c topic was very important:
"It is very important to choose the proper animal to obtain good results. The dimensions of the organ that is being studied, the relationships this organ establishes with other organs and surely, some unknown chemical characteristics, favour or impede the reaction, or they reduce its detail and extension. In this way, the retina is better stained in big birds and reptiles rather than in lizards, fi sh and mammals. The cerebral cortex of an 8-day-old rabbit is better impregnated than the cortex of rat, guinea pig, white mouse, dog, etc. of the equivalent developmental age. The spinal cord of bird embryos attracts silver chromate more constantly than the spinal cord of reptiles and mammals; the optic lobe of birds is better stained than the optic lobe of mammals"

10
. (Cajal and De Castro, 1933) .
Furthermore, Cajal's research was very systematic, since each cell or fi ber needed different impregnation times depending on the animal, the age and the staining method.
10 "Es condición muy importante para los buenos resultados escoger el animal más conveniente. Las dimensiones del órgano que se estudie, las relaciones con los otros y seguramente ciertas particularidades químicas desconocidas, favorecen o estorban la reacción o le restan fi nura y extensión. Así la retina se tiñe mejor en los pájaros y grandes reptiles que en los batracios, los peces y mamíferos.; la corteza cerebral del conejo de 8 días imprégnase mucho mejor que la de la rata, cobaya, ratón blanco, perro etc., de edad correspondiente a la misma época evolutiva. La médula espinal de los embriones de ave atrae más constantemente el cromato argéntico que la de los embriones de reptiles y mamíferos; el lóbulo óptico de las aves se tiñe mejor que el lóbulo óptico de los mamíferos".
"it is necessary to advert, that not every organ is impregnated as easily as the others. Among the most easy and constant centers to be impregnated, we fi nd: A) Ammon´s horn of 8-15 day old rabbit; 15-20 day old brain of the same animal or cat; spinal cord of 4-5 incubation day chicken"
11 . (Cajal and De Castro, 1933 ).
According to Cajal, the suitable age of the animal to stain the cerebral cortex was 8-30 days for mice, 10-20 days for rabbit and 25-30 days for gyrencephalic animals (Cajal and De Castro, 1933) .
GENERAL DATA OBTAINED BY CATALOGUING THE DRAWINGS
The drawings were catalogued into different groups by determining their authorship and date of the drawings, according to the biological discipline and the species and fi nally, according to the technique employed.
CLASSIFICATION OF THE DRAWINGS ACCORDING TO DATE AND AUTHORSHIP
The majority of the scientifi c drawings were made by Cajal himself (1,907 of the 1,976 in total), although there are other original drawings made by Tello (37) 12 , Dr J. Ramón Fañanás (5), and one each from the following scientists: Domingo Sánchez, Ruiz Arcauate, Juan D. Vial, J. Sanz Ibáñez, M a G. Amador. There are an additional 22 scientifi c drawings the authorship of which remains to be confi rmed. To date the drawings, we chose to use the date when the drawing was fi rst published.
CLASSIFICATION OF THE DRAWINGS ACCORDING TO THE BIOLOGICAL DISCIPLINE
By studying the scientifi c drawings, we can observe a highly logical correlation between the different biological disciplines studied in his histological slides and scientifi c drawings. The scientifi c drawings of Cajal are very diverse in terms of the biological discipline to which they are dedicated ( Table 4 shows the number of scientifi c Table 4 (2) Nervous tubes: (7) -Glia: (28)
Organs and systems: 1281
Respiratory system: (4) Larynx (1) Trachea (2) Lung (1) Digestive system: (28) Tongue (16) Salivary glands (2) Esophague (2) Stomach (2) Liver (6) Reproductive system: (3) Testicle (1) Ovary (1) Pennis (1) Urinary system: (3) Kidney (3) Endocrine system: (6) Pancreas (6) Circulatory/lymphoyd system: (4) Nervous system: (1265) -Central nervous system: (957) Olfactory bulb (33) Neocortex (178) Hippocampus (54) Callosal Body (3) Septum (11) Thalamus, hypothalamus, habenule, mammillary bodies (83) Retina (88) Optic chiasm (5) Mesencephalon (72) Optic lobe (32) Medulla and Pons (141) Cerebellum (108) Spinal cord (149) -Peripheral nervous system (nerve endings and "Es necesario advertir, que no todos los órganos nerviosos se impregnan con igual facilidad. Entre los centros más fáciles y más constantes de teñir se encuentran: A) asta de Ammon, del conejo de 8 a 15 días; cerebro del mismo animal o del gato, de 15 a 20 días; médula espinal del embrión de pollo de 5 a 14 días de la incubación…" 12 "Tello used professional designers to make their scientifi c drawings." there are also many drawings dedicated to the study of the nervous system of invertebrates, such as those dedicated to the nervous ganglia of the lumbricus ( Figure 12C2 ) and to the optic centers of insects and cephalopods. As in the histological slides, there are several drawings related to the pathology of the nervous system, fundamentally rabies ( Figure 5E2 ) and "general paralysis of the insane" (Figures 5F2,G2) . Moreover, there is large group of drawings (231) that we have classifi ed as experimental anatomopathological drawings that appeared in his book "Degeneration and Regeneration of the Nervous System" (Figures 5A2,B2 ; Cajal, 1913 Cajal, -1914 . Another important group of drawings were used to illustrate his study of neoplasias (25, Figures 10C2,D2,E2,F2) .
The group of scientifi c drawings related to microbiology is less numerous. Nonetheless it gives us an idea of the different microorganisms studied by Cajal, usually those that caused important diseases such as the cholera, diphtheria, bubonic plague, syphilis, etc. drawings from each discipline). As in his histological slides, there are some drawings related to the histology of the tissues such as the epithelia (Figure 6A2) , muscle ( Figure 9A3 ) and the cartilagous and bony tissues. There are also some drawings showing details of the cell biology of neurons, such as those dedicated to neurofi brils (Figures 4B2,F2) , the Golgi apparatus (Figures 6A2-D2 ) and the nucleus (Figures 6E2,F4,G3,H4) , topics on which Cajal also made important contributions. Interestingly, he described the accessory body of the nucleolus in the nucleus ( Figures 6E-G : Cajal, 1903b) . Other structural details of neurons, such as the dendritic spines (Figures 3H1,J1) or the growth cones ( Figures 3A1, B1  and 4A2) , are also the focus in four of the scientifi c drawings. There are also 1,233 drawings (approximately 60%) in which Cajal illustrated the organization (Figures 3C1,D1,J1,I1 ) or the development of the different areas of the nervous system (Figures 3A1,E1,F1,  H1,G1) . In some of these drawings, the direction of the nervous current is indicated with arrows ( Figure 3J1) . It is remarkable that Finally, there are some schematic drawings that illustrate physiological principles, different pathways of the nervous system, the physiological need for the optic chiasm, sketches comparing different theories, etc. These fi gures are not exact copies of the histological preparation and they are intended to show illustrated general characteristics or principles of the organization of the nervous system. A special group of drawings are those explaining how technical devices function, such as the Rheinberg apparatus or Nachet's camera.
CLASSIFICATION OF THE DRAWINGS ACCORDING TO THE EXPERIMENTAL ANIMALS
We found a strong correlation when comparing the different animals that appear in the scientifi c drawings of Cajal with those used in the histological slides, although the proportion of drawings dedicated to the study of human nervous system is much higher ( Table 5) .
The drawings of cephalopoda and insects basically show the organization of the optic centers in these animals, as in the histological slides. There are also many drawings in which the optic lobe of reptiles and birds is depicted. The chicken and ducks were especially used as models in the drawings of the spinal cord ( Figure 3A1) . Mice, cats, rabbits and dogs were used to show the organization and development of the nervous system, also being the animals used for the studies on degeneration and regeneration of the nervous system. In addition, mice were used as the model to show the organization of the mesencephalon.
CLASSIFICATION OF THE DRAWINGS ACCORDING TO THE TECHNIQUES EMPLOYED
The materials employed by Cajal in his drawings were indian ink, pencil, watercolour, oil and white wax (stearin) for the corrections. Indian ink was used in 1,924 scientifi c drawings, pencil in 968, watercolour in 713 and oil in only two drawings, while white wax (stearin) was found in many of them (1, 284) . He usually used these materials on cardboard (1,450) or paper (526).
Cajal used different drawing techniques depending on the staining or impregnation method of the histological preparation he used as a model. The fi rst part of his scientifi c work was largely based on the silver dichromate method (Figure 3) and with this method of impregnation, the nerve cells appeared in a dark blackish-red colour over a light yellow background. Cajal started to draw these nerve cells fi rstly using a pencil to draw the outline and then, indian ink to trace covering the pencil sketch. In some places, he reconsidered the pencil outline without drawing with Indian ink on top and he did not erase the pencil outline, so it can still be seen in the original drawing when observed closely. In this kind of drawing, he sometimes used watercolor to color the cells that are situated in a deeper plane, achieving a magnifi cent 3D effect. He also used watercolor when he wanted to distinguish clearly between the terminal arborization of the axon and the target cells, such as the (Figures 3F1,G1) .
In 1903, Ramón y Cajal invented the reduced silver nitrate method, with which it was possible to study the interior of nerve cells. He changed his drawing technique to more faithfully refl ect what he saw in the histological preparations. At that time, in addition to pencil and Indian ink, he used watercolors or aquarelle with grey tones to color the background (Figures 4A2,D2,E2 ). In the case of the formalin-uranium nitrate method (Cajal, 1912) , he also used a similar approach (Figures 6A2-D2) . He usually drew the outline of the cells with a pencil and then fi lled the interior of the cell with a graphite pencil or with gray or sepia watercolors, highlighting the Golgi apparatus with black indian ink. Cajal used a similar procedure for the histological preparations made with another method that he invented in 1913: the gold-sublimated method. In this case, besides pencil, Indian ink and grey watercolours (Figure 7A3) , he also used colored aquarelle. Indeed, Cajal used color in some drawings of the calyces of Held, although in this case he used oils. Furthermore, Cajal used color when printing his histological drawings for two reasons: fi rstly, so that the color of the nerve cell or the background of the drawing approximated to the color the preparation; and secondly to distinguish between different nerve cells or different parts of the same nerve cell. In this context, it is interesting to highlight that the size of the original drawings is always bigger than the published size, so that the details of the drawing can be better observed. Finally, the drawings of neoplasias were made with indian ink and graphite to achieve the different textures.
CONCLUSION
The study of both the histological slides and drawings of Cajal reveals the extent of his scientifi c pursuits. The clarity and beauty of Cajal's histological preparations are even today aweinspiring. His faithful reproduction in his illustrations of what can be viewed in these original preparations reveals careful and attention to detail (Figure 12) .
Some critics have suggested that Cajal took great artistic license in his scientifi c drawing. This criticism is not new, it was intimated by some of Cajal's contempories. Henschen, for example, critiziced Cajal's drawings for being too sketchy (Cajal, 1921; see also DeFelipe and Jones, 1992) . However, Cajal disagreed and stated that the only liberty he took while preparing his drawings was to group cells from various serial sections (Cajal, 1921) . In several fi gure legends (Cajal and Sánchez, 1915) , Cajal clarifi ed that the drawings had been made by grouping cells from different histological sections. Furthermore, Cajal also included a drawing based on both the reduced silver nitrate and the Golgi method (Cajal and Sánchez, 1915) .
The use of the camera lucida or the drawing tube by Cajal is clear from reading his scientifi c work (Cajal, 1889c (Cajal, , 1891a (Cajal, ,b, 1893 ; see also DeFelipe and Jones, 1992) . However, some colleagues who saw him drawing said that he drew by looking at the histological preparation through the microscope and drawing on a piece of paper on his right-hand side, where the exact reproduction of the nerve cells of the preparation appeared without using the camera lucida (De La Villa, 1952) . According to DeFelipe and Jones (1992) , it is possible that Cajal fi rst used the camera lucida to outline the profi les and the relationships of the nerve cells, and that he later fi lled in the details by hand, especially in large regions of brain that could not readily be retained in a single fi eld of view. However, where he could obtain a complete fi eld of view, such as in the thin non-mammalian cortex, or when he wanted to draw some details at high magnifi cation, Cajal might have resorted to freehand drawing. As Cajal himself stated in 1889:
"The camera lucida, even when one is accustumed to its use through much practise, is only useful to fi x the contour of the principal objects: any labour of detail must be done without the aid of that instrument, which has, in addition, the inconvenience of dazzling the delicate details….Reproduction by freehand drawing is the best procedure when one has some habit and liking for artistic painting". (Cajal, 1889c; taken from DeFelipe and Jones, 1992) .
